Introduction
Despite enormous efforts in research and the development of available therapies over the last two decades, pulmonary arterial hypertension (PAH) remains a progressive and relatively incurable disease. 1 Pulmonary arterial hypertension is a disease characterized by the remodelling of distal pulmonary arteries in the absence of other cardiopulmonary disease, usually leading to right heart failure and subsequent death without appropriate intervention. 2, 3 Given the current European Society of Cardiology/European Respiratory Society guidelines for the diagnosis and treatment of pulmonary hypertension (PH), 4 most of the patients with severe PAH usually require to have a lifelong combination therapy that includes
Learning points
• Early diagnosis and intervention with thalidomide and dexamethasone might contribute to a decrease of pulmonary vascular resistance, even in patients with severe pulmonary arterial hypertension (PAH) concomitant with POEMS (polyneuropathy, organomegaly, endocrinopathy, M-protein, and skin changes) syndrome.
• It would be important to consider associated syndromes when a diagnosis of pulmonary hypertension is made, because treatment of the underlying condition may lead to improvement in PAH.
. prostacyclin, phosphodiesterase-5 inhibitor, and endothelin receptor antagonist (ERA). However, the reversibility of PH has been reported through the treatment of the underlying diseases or comorbidities.
5-7
Here, we present a case of severe PAH concomitant with a syndrome of POEMS (polyneuropathy, organomegaly, endocrinopathy, M-protein, and skin changes) syndrome that was successfully treated with thalidomide and dexamethasone.
Timeline Case presentation
A 45-year-old woman was referred to our institution with a 3-month history of shortness of breath on exertion. The patient did not have significant past medical history. On physical exam, she was noted to have a palpable lymph node in the neck and axilla; skin pigmentation around the neck, chest, and back; significant peripheral oedema of the lower limbs; and clubbed fingers on both hands were noted ( Figure 1) . Electrocardiogram showed right axis deviation, P pulmonale in lead II, V1R, and strain pattern in lead V1-3 ( Figure 2A) . Chest X-ray revealed significant cardiomegaly ( Figure 2B Figure 3A , B). Ventilation perfusion scan indicated a low probability of pulmonary thromboembolism. Contrast-enhanced computed tomography (CT) did reveal significant dilatation of RA, RV, and pulmonary artery ( Figure 4D ) with no evidence of pulmonary thromboembolism. Bilateral pleural effusion, pericardial effusion, and ascites were present. In addition, hepatosplenomegaly and lymphadenopathy in bilateral neck, axilla, mediastinum, and para-aorta were present ( Figure 4A -C). Right heart catheterization (RHC) confirmed the presence of PAH ( Table 1) . Bilateral papilledema was present. In addition, although there was no clinical history suggestive of neuropathy, nerve conduction studies confirmed peripheral polyneuropathy involving the reduction in amplitude and velocity of sensory potentials and clear slowing of motor velocities with a decrease in amplitude in excess of 50%. All of these findings supported a diagnosis of POEMS syndrome according to the diagnostic criteria. 8 As symptoms and haemodynamics have not been improved with the initiation of tadalafil for PAH, our patient was started on immunomodulatory agent using thalidomide and dexamethasone. A year later, as a consequence, her symptoms of dyspnoea, pericardial effusion, pleural effusion, and ascites have completely disappeared with significant recovery of RV function ( Figures 2C and 3C-E) (Supplementary material online). PFT was recovered with a DLCO of 66.6% of predicted value. Furthermore, her current RHC indicated no evidence of PAH ( Table 1) .
Discussion
POEMS (polyneuropathy, organomegaly, endocrinopathy, M-protein, and skin changes) syndrome is a rare paraneoplastic disorder caused by plasma cell dyscrasia. Additionally, PAH is thought to be an uncommon feature of POEMS syndrome. Although there is weakness and/or numbness of the limb due to peripheral neuropathy, peripheral oedema and skin change were reported as the most common initial symptoms. 9 This is, to our knowledge, the first case reported in which PAH was the initial presentation in a patient with POEMS syndrome who was treated successfully with thalidomide and dexamethasone. Contrary to the current diagnostic criteria of POEMS syndrome, monoclonal plasma cell dyscrasia was not detected in the present case. However, in spite of the absence of this type of dyscrasia, we consider this case to be consistent with POEMS syndrome for the following reasons. The first reason is the previous finding that 25% of cases of POEMS syndrome lack a monoclonal plasma cell disorder. 10 The second reason is the presence of typical clinical findings and a clinical course specific for a favourable response to immunomodulatory agents. Based on these factors, we assume that the present case might be a very early stage of POEMS syndrome with a characteristic finding of PAH.
The suggested prevalence of associated PH in POEMS syndrome is 27-48%, [5] [6] [7] although these figures were obtained using TTE to estimate pulmonary arterial systolic pressure (PASP), implying the prevalence of the PAH might be far less than these reports. A case similar to ours has been previously published, which mentions a PAH patient in the setting of POEMS syndrome, successfully treated with thalidomide and methylprednisolone. 11 However, contrary to our case, Reversal of pulmonary arterial hypertension PAH in this report was diagnosed by TTE, not with RHC which is the standard diagnostic modality, suggesting lack of definitive evidence of PAH.
To date, despite the conflicting findings seen with anti-VEGF therapy, VEGF is the cytokine that correlates best with disease severity and treatment response of PH. 12 In our case, the serum level of VEGF was elevated at 4080 pg/mL (normal reference value; plasma VEGF 31-86 pg/mL, 13 serum VEGF < 1040 pg/mL 12 ) and dropped significantly to 240 pg/mL over the year with treatment, accompanied by the significant improvement of other symptoms. Vascular endothelial cell growth factor was postulated to mediate PH with its vascular permeability causing interstitial and perivascular oedema and subsequent hypoxaemia inducing endothelial VEGF, completing a vicious cycle, eventually leading to PAH.
14 However, VEGF level might not be the driving force of the disease based on the conflicting findings seen with anti-VEGF therapy. [15] [16] [17] With respect to available therapy, there are no standard treatments for POEMS syndrome. However, the patient was not considered as an ideal candidate for two recognized effective treatments. 18, 19 Radiotherapy was rejected because of multiple bone lesions, and autologous stem-cell transplantation was rejected due to severe PAH. 7 More recently, thalidomide treatment has been shown to have decreased serum VEGF levels and improved clinical symptoms from randomized placebo-controlled trial. 20 Thalidomide has many effects that are potentially useful for the treatment of POEMS syndrome, including suppression of monoclonal plasma cell proliferation and modulation of upregulated cytokines 21 ; however, how it contributes to the treatment for PAH remains uncertain.
Importantly, the effect on RV haemodynamics would be of profound significance in the recovery of RV failure. Before treatment, the patient was considered at high risk for PAH because of poor RV haemodynamics with relatively high right atrial pressure and low cardiac index (CI) in addition to poor RV function by TTE and CMR. After treatment with thalidomide and dexamethasone, reversal of PAH was obtained by RHC with a significant decrease of pulmonary vascular resistance (PVR) and mean pulmonary arterial pressure. The substantial improvement of haemodynamics presumably led to the subsequent recovery of RV size and function confirmed by CMR. 22 This recovery is most likely due to inhibition of pressure/volume overload secondary to vascular permeability by immunomodulatory therapy, which is consistent with the significant reduction of serum VEGF levels.
Our report has a key limitation in its nature of single case study. Nevertheless, our case suggests that early diagnosis and intervention with thalidomide and dexamethasone have decreased PVR drastically in patients with severe PAH concomitant with POEMS syndrome and a subsequent improvement of symptoms. Accordingly, it would be important to consider associated syndromes when a diagnosis of 
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